MicroRNA-mediated gene silencing can occur by either target mRNA degradation or translational repression. In this issue of Developmental Cell, Dallaire et al. (2018) show in C. elegans that tissue-specific composition of the silencing complex, miRISC, plays a major role in determining the fate of target mRNAs.
First discovered in Caenorhabditis elegans as regulators of developmental timing, microRNAs (miRNAs) have since been shown to regulate biological processes as diverse as cell division, differentiation, behavior, stress responses, and longevity (reviewed in Ambros and Ruvkun, 2018) . Following a series of regulated endonucleolytic processing events, mature miRNAs are generated and loaded into the Argonaute effector proteins that form the core of the miRNA-Induced Silencing Complex (miRISC). miRISC then recognizes and binds target mRNA 3 0 UTRs primarily via seed sequence complementarity to mediate gene silencing (reviewed in Jonas and Izaurralde, 2015) . However, the relative contribution of translational repression and mRNA degradation to the means by which miRNAs mediate target gene silencing remains an active area of investigation.
When miRNAs were first discovered, translational repression of targets was considered the major consequence of miRISC binding. Subsequent studies revealed that mRNA degradation also contributes to miRNA-mediated gene silencing (reviewed in Jonas and Izaurralde, 2015 and Ambros and Ruvkun, 2018) . As mRNA decay and translational repression are highly interdependent, uncoupling the two processes has proven challenging. Ribosome profiling in mammalian cell culture and zebrafish embryos has revealed that, while miRISC binding may initially cause translational repression, subsequent mRNA degradation ultimately has the greater effect (Bazzini et al., 2012; Eichhorn et al., 2014) . However, during early embryogenesis and in cell-free embryonic extracts of several model organisms, miRISC binding has been reported to cause translational repression and shortening of the poly-A tail, with little effect on transcript stability (e.g., Wu et al., 2010; Bazzini et al., 2012; Subtelny et al., 2014) . Similar effects have also been reported in neurons, where reversible miRISC binding regulates synaptic plasticity (reviewed in Jonas and Izaurralde, 2015) . In such cases, the molecular mechanisms involved in maintaining transcript levels remain unknown. Dallaire et al. (2018) now report in Developmental Cell the intriguing finding that miRNA-mediated translational suppression and stabilization of mRNA targets in the germline of C. elegans differs from the mRNA degradation mechanism of miRNA-mediated silencing in the soma.
Using a reporter responsive to miR-228, a miRNA expressed in both the germline and somatic cells, the authors found that miR-228 regulated transcript levels in a tissue-specific manner. While the reporter was subject to silencing in both somatic and germline cells, the transcript levels were reduced only in the soma and elevated in the germline. This suggests that miRNAs mediate mRNA degradation in the soma and, in contrast, mRNA stabilization in the germline. This effect was also observed with a reporter responsive to miR-35, a miRNA exclusively expressed in the germline. The lack of mRNA decay and remarkable stability of miR-35 target mRNAs upon deadenylation was also observed in an earlier study, where the authors further speculated that this uncoupling between deadenylation and decay would allow for reversal of silencing via regulated readenylation of the targets (Wu et al., 2010) .
GW182 proteins, named for their glycine and tryptophan repeat motifs, interact with Argonaute proteins and mediate recruit-ment of the PAN2-PAN3 and CCR4-NOT deadenylase complexes to destabilize transcripts. Earlier work from the Simard lab had shown that the GW182 proteins, AIN-1 and AIN-2, are not required for miRISC activity during embryogenesis in C. elegans (reviewed in Ambros and Ruvkun, 2018) . Based on these findings, the authors hypothesized that tissue-specific differences in miRISC composition could result in varying downstream consequences. To investigate this, Dallaire et al. (2018) performed pull-down of protein interactors using antisense oligonucleotides against germline-or soma-specific miRNAs, followed by mass spectrometry. This revealed interesting differences in the composition of somatic-and germline-specific miRISC. In agreement with previous reports, AIN-1 was found exclusively in somatic miRISC, whereas the RNA-binding proteins and germ granule (i.e., P granule) components GLH-1, CAR-1, and GLD-1 were found specifically in germline miRISC. Further validation of these germline-specific components revealed that the DEAD box helicase GLH-1 was necessary for translational suppression but not transcript stabilization of the target mRNAs.
RNA-binding proteins such as DEADbox helicases, Pumilio, and Tudor domain proteins have been shown to regulate miRISC activity. In C. elegans, VIG-1 and TSN-1 were found to enhance the activity of let-7 family miRNAs but had little effect on the function of other miRNAs. The TRIM-NHL protein, NHL-2, has also been reported to modulate the activity of only let-7 family and lsy-6 miRNAs (reviewed in Ambros and Ruvkun, 2018) .
In vitro experiments with C. elegans extracts have also shown that different miRNAs bind different protein complexes
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Previews with varying affinities (Chan et al., 2008) . Building upon these prior findings, the authors' results suggest that miRISC composition may regulate miRISC activity in a sequence-and tissue-specific manner during development in C. elegans.
Following the detection of P granule components in germline-specific miRISC, Dallaire et al. (2018) used single-molecule RNA FISH to show that germline mRNA targets localized to the nuclear periphery, presumably within protective P granules, in a GLH-1-dependent manner. This suggests that the binding of GLH-1 to miRNA targets in the germline leads to their sequestration into P granules. DEAD box helicases like GLH-1 can clamp onto RNA substrates in an ATP-dependent manner and form nucleation centers for larger RNP complexes (reviewed in Linder and Jankowsky, 2011) . While it is thought that most DEAD box helicases show no apparent substrate specificity, the authors suggest that the strong interaction of GLH-1 with miRISC may help confer specificity to the maternal mRNAs that accumulate in germ granules during early embryogenesis.
In Drosophila, C. elegans, and human cell lines, miRISC and mRNA degradation machinery are known to form mRNP granules called processing bodies (P bodies). In C. elegans embryos, P bodies were found to be distinct from P granules, and the recruitment of mRNA decapping activators to the somatic P bodies coincided with the onset of maternal mRNA degradation (Gallo et al., 2008) . In light of this, the authors' results suggest the intriguing possibility of a miRISC-mediated reversible sequestration cycle. During early embryogenesis, GLH-1 aids in miRNA-dependent translational repression and sequestration of maternal mRNAs in protective P granules. These maternal mRNAs are then released into the cytoplasm in a temporally regulated manner to allow expression before undergoing miRNA-mediated sequestration into P bodies for final degradation. Similar reversible silencing could also be beneficial as an adaptive mechanism in response to changing environmental conditions.
The findings by Dallaire et al. (2018) strongly suggest that miRISC binding does not by itself destine a transcript for degradation. The fate of a transcript is highly dependent on the composition and subcellular localization of miRISC. Tissue specificity and temporal specificity of expression, as well as modifications to miRNAs, target mRNAs, and miRISC components all contribute to the rich dynamics of miRNA-mediated post-transcriptional gene regulation during development and beyond.
